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1. Introduction

This is the final report on research performed under U.S. Army Research
Office Grant DAHC04-75-G-0061, entitled "Atomic Inner-Shell Transitions." The
work was also supported in part by the National Aeronautics and Space Adminis-
tration under Grant NGR 003-036. In particular, the CDC 7600 computer
facility at the Ames Research Center, NASA, was used for many of the numerical

computations included in this work.

2. Problems Studied

Aspects of atomic inner-shell physics have been studied with modern
techniques. The deexcitation of atoms with multiple inner-shell vacancies has
been examined from a fresh point of view. Binding and transition energies
have been calculated using high-powered computers that permit the inclusion of
relaxation, relativistic, and quantum-electrodynamic effects. The scattering
of x rays from molecular hydrogen and from helium has been measured with the
intense photon beam from a synchrotron radiation source, and the results have
been interpreted in terms of electron correlation. The present state of
knowledge of atomic inner-shell processes and of orbital electron capture by

the nucleus have been surveyed in comprehensive reviews.

3. Summary of Most Important Results

3.1 Mmultiplet effects in the decay of multiply ionized atoms

In an atom that contains several inner-shell holes, the vacancies couple

to form a multiplet structure. The decay properties of such a system depend

critically on the state. Early calculations of fluorescence yields, i.e., of

the ratio of radiative to Auger decay rates, disagreed grossly with experiment. _t
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We were able to resolve the discrepancy between calculated and measured
fluorescence yields by reexamining the basic underlying definitions. We
calculate the Auger and x-ray widths of each multiplet state, compute the
individual multiplet fluorescence yields, and find a suitable average. Be-
cause the Auger channel is closed for some multiplets in configurations of

highly stripped atoms, such states have very large fluorescence yields. This

effect was not taken into account in earlier calculations. The present
theoretical x-ray yields are much larger, for high charge states, than those
calculated éreviously, and agree extremely well with measurements on ion-
atom collision systems. The new theoretical transition probabilities allow a
more accurate analysis of experimental results and hence can lead to a better
understanding of ion-atom collision mechanisms. For example, comparison with
experiment shows that multiplet states are populated statistically in colli-
sions of 35-MeV O5+ with Ne, but that sequential stripping occurs when Ne is
bombarded with O8+ or Cl13+ ions. The extreme variation among properties of
individual multiplet states is illustrated by the fact that the theoretical
Ll x-ray yield of Ar ions containing 6 M-shell vacancies is more than 400
times larger for an atom that is statistically ionized than for a sequentially
stripped atom. Our theoretical studies of the deexcitation of multiply
ionized atoms have been extended to include calculations for selected con-
figurations of Li-like Ne and of multiply ionized S and Cl, identifying
relatively long-lived states of very high x-ray yields that may become

promising candidates in schemes for producing amplified stimulated emission

in the x-ray range. 3




3.2 Feasibility of coherent x-ray production by x-ray pumping

We have made calculations which suggest that coherent soft x rays could
be produced by inverting the electron population in a target such as Li,
through irradiation with x rays generated by fast electrons traversing an
electromagnetic field (as in a storage ring). We have derived conditions to
be satisfied by target and radiation parameters, and showed that it may be
possible to pump LiH adequately with photon pulses that exceed by 2 to 4
orders of magnitude in intensity those now attained in the Stanford Syn-

chrotron Radiation Laboratory, for example.

3.3 Atomic electron binding energies and transition energies from

relaxed-orbital relativistic Hartree-Fock-Slater calculations

We have performed complete relativistic relaxed-orbital calculations of
neutral-atom binding energies, for all orbitals in all atoms with 2x221006,
based on an improved form of the Hartree-Fock-Slater formalism. The Breit
interaction (magnetic and retardation) energy is included. A vacuum polariza-
tion correction is made; the Uehling potential is listed separately from
higher-order contributions. Self-energy shifts for the 1ls, 2s, and 2p1/2
states have also been taken into account. Results agree extremely well with
measurements on inner levels of free atoms. Discrepancies with experiment
will permit a determination of the influence of many-body effects and of
extraatomic relaxation.

The same approach has been used to carry out the first comprehensive
computations of the transition energies of all possible L-shell Coster-Kronig
processes in all atoms, 11<2<103. Cutoffs in Z for various transitions and

the effect of quantum-electrodynamic corrections are clearly apparent from




these results. In a first application of these calculations, they permitted
us to re-interpret the Ag L x-ray spectrum in a theoretically self-consistent

manner.

3.4 X-ray scattering by H2 and He using synchrotron radiation

Total photon scattering by atoms and molecules is a two-electron expecta-
tion value that depends on the average electron-electron separation (by con-
trast with elastic scattering that depenrds only upon the radial charge
distribution). Most interesting is the application of inelastic photon
scattering to study electron correlation in H2 and He. The cross sections
E are so small that the experiment cannot be done adequately with conventional

x-ray sources. We have performed measurements with synchrotron radiation in

the Stanford Synchrotron Radiation Laboratory, covering momentum transfers

from 2 to 7 Z_l. The results agree well with theoretical predictions based

on correlated wave functions, but disagree substantially with cross sections
computed from Hartree-Fock wave functions. Because the scattering measurements
distinctly reflect the electron correlation effect, they appear to have
promise for a rather direct measure of the correlation energy in various

atoms and molecules.

3.5 Reviews of atomic inner-shell processes

A two-volume treatise on atomic inner-shell processes has been edited,
providing researchers with a survey of this rapidly developing aspect of
atomic physics. A comprehensive review of orbital electron capture by the

nucleus, including radiative capture, has been written for the Reviews of

Modern Physics.
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